reduces the fistula rate and need for operative intervention. However, primary closure of salvage laryngectomy defects remains the standard-of-care at most institutions. [3, 4] First popularized by Ariyan, the pedicled pectoralis major myocutaneous flap (PMMF) has been the workhorse flap for this indication. [1, 4] Herein, we aimed to present our experience and the reconstructive strategy refined from this experience as applied to pharyngocutaneous defects after total laryngectomy in a review of 12 patients who underwent secondary fistula repair.
Materials and Methods

Study Design
Between June 2006 and September 2014, 202 consecutive total laryngectomies for laryngeal or hypopharyngeal squamous cell carcinoma were performed in our tertiary center. The medical records of the patients were retrospectively reviewed to document the development of a PCF. The collected data included patient demographics, treatment modalities, and complications including the development and management of postoperative PCF.
Surgical Repair with Pedicled Pectoralis Major Myocutaneous Flap
The pharyngeal edges are sharply debrided and sent for routine pathology (Fig. 1) . Flap design was performed as follows: The axis of rotation is a line drawn from the coracoid process of the scapula to the xiphoid process (Fig. 2) . This line marks the course of the thoracoacromial vessels as they branch from the axillary vessels just medial to the pectoralis minor insertion. The skin island is an ellipse positioned over the muscle medial to the nipple and lateral to the sternal edge. The most inferior part of the ellipse is at the inframammary fold. The initial incision is made at the lateral part toward the anterior axillary line down to the pectoralis major muscle. The maximum amount of muscle should be harvest, because the larger the muscle volume, the safer the flap due to the increased number of myocutaneous perforators. The inferior, medial and lateral incisions are made through the skin, subcutaneous fat and pectoralis fascia down to the chest wall (Fig. 3) . As the muscle is elevated from inferior to superior, the pedicle should be identified by palpation and visualization on the deep surface of the muscle (Fig. 4) . The pectoralis major muscle derives its blood supply from the pectoral branch of the thoracoacromial artery and lateral thoracic artery. When the muscle fibres are cut along the sternal attachment, special attention should be taken not to cut the internal mammary perforators adjacent to the sternum that supply the deltopectoral flap. During the dissection the vascular bundle should always be seen in order to avoid injury to this bundle. Concerning closure of the donor-side, we perform primary closure. 
Results
A total of 202 patients were included in the study. There were 173 males (86%) and 39 females (14%), and the mean patient age was 63 (range: 42 to 79) years. The mean follow-up of the study population was 36 months.
All patients had a history of squamous cell carcinoma of the larynx, and all but three patients had a history of tobacco smoking. Radiotherapy has been administered to 21 (10.3%) patients preoperatively.
PCF developed in 45 of 202 patients (22%) in the study group. Of these 45 patients, spontaneous closure with local wound care was achieved in 33 patients (73%). Remaining 12 patients required surgical closure with PMMF. Four of 12 patients (25%) had complications after surgical closure with PMMF. Radiotherapy had been performed before laryngectomy in 16 of 45 patients with PCF. Of these 16 patients, who developed PCF and have had previous radiotherapy, spontaneous closure with local wound care was achieved in four cases, while PMMF was used in the remaining 12 cases.
Two patients developed pharyngeal stenosis and treated with repeated dilatations. One patient had partial flap necrosis, which required secondary intention after debridement. One patient, who had received radiotherapy before PMMF closure, had fistula recurrence, which did not respond to revision surgery. The patient died of aspiration pneumonia. In 12 patients who required surgical closure with PMMF, the mean healing time was 39±32 days compared with 19±12 days in the group of patients in whom the fistula did not develop.
Discussion
The incidence of PCF after total laryngectomy is extremely variable, with values ranging from 5% to 65%. However, a rate between 13% and 25% has been frequently reported over the last two decades (5). The observation of 45 fistulas (22%) in our group of 202 patients is consistent with the mean values.
Preoperative radiotherapy was an etiologic factor also deemed controversial and inconclusive among various research studies. Radiotherapy has been related to fistula development because of the diminished healing capacity of irradiated tissues. Modernization of radiotherapy techniques and use of cobalt-related linear accelerators have diminished the frequency of reports linking radiotherapy and fistula formation. Recent studies do not incriminate radiotherapy as a predisposing factor contrary to previous, older research efforts. [5] [6] [7] Even though much controversy still surrounds the prevention of pharyngocutaneous fistulas, it is generally agreed that most fistulas respond well to conservative management. The differences appear to be mainly related to previous radiotherapy: spontaneous closure was achieved in 44% to 82% of previously treated patients versus 80% to 95% of patients who had not been previously treated. [1, 3, 8] In the present study, radiotherapy had been performed before laryngectomy in 16 of 45 patients with PCF. Of these 16 patients, who developed PCF and have had previous radiotherapy, spontaneous closure with local wound care was achieved in four cases, while PMMF was used in the remaining 12 cases.
The main vascular pedicle of the pectoralis major musculocutaneous flap is composed of the pectoral branches of thoracoacromial vessels. Ariyan had described that the intramuscular course of these branches is along a line from the tip of the shoulder to the xiphoid process. Traditionally, the skin island has been designed on the basis of the estimated location of this pedicle. [9] The role of the PPMF has continued to evolve as free flap surgery has become established throughout the world. In 2010, Liu et al. reported on 202 PMMFs performed during the period of 1998-2008 in Hong Kong. The PPMF was increasingly used for salvage surgery of the oral cavity, although it was still being used more frequently for immediate reconstruction rather than salvage surgery (70% compared with 29%). In a recent series by You et al. from Korea, over a similar time period to the current study, 120 PMMFs were used for comparable indications within a practice that also utilizes free flap transfer. A recent smaller series of 55 PMMFs from the USA by Schneider et al. described similar findings, but the differences were that a second free flap was used more frequently after initial free flap failure and the PPMF was more often combined with a free flap. [10, 11] Limitations of our study include the retrospective design and relatively small number of our series. In addition, some details of history and factors that may influence the outcome may not be completely documented. Due to these restrictions, associations should be interpreted with caution.
Conclusion
Although most fistulas close spontaneously and can be managed conservatively without surgical intervention, this complication represents a challenge to the head and neck surgeon, and leads to prolonged hospitalization, increased patient morbidity and more complicated rehabilitation.
